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$\bullet$ sympletic $\mathrm{m}\mathrm{a}\mathrm{p}$ [ $\mathrm{K}\mathrm{K}92\mathrm{a}$ , KK94] 1
$\bullet$ symplectic map [Kon99]
$\bullet$ 1 (“ ”) (1)
[TKG94, TGK94, $\mathrm{T}\mathrm{G}\mathrm{K}97\mathrm{a},$ $\mathrm{T}\mathrm{G}\mathrm{K}97\mathrm{b}$ ] $2$











$p_{i}+k \sum_{j=1}^{N}\sin 2\pi(qj - q_{i})$ mod 1,



























H Boltzmann eq. [IK93,
Ina93])
[Kon99]
$p_{i}’$ $=$ $p_{i}+k \sum_{1j=}^{N}C_{i}c_{j}f(q_{j}-q_{i})$ mod 1 ,
$q_{i}’$ $=$ $q_{i}+p_{i}’$ mod 1 , $(i=1,2, \cdots , N)$
$f(q)$ $=$ $[ \frac{1}{2}(1+\cos 2\pi q)]^{n}\sin 2\pi q$ (2)



















$f(x,p)= \frac{1}{\sqrt{\pi}}\mathrm{e}^{-\eta^{2}}\frac{1}{2}\mathrm{s}\mathrm{e}\mathrm{c}\mathrm{h}^{2}\xi$ , (4)
$\eta\equiv\sqrt{\frac{3M}{E}}\cdot\frac{p}{2m}$ $\xi\equiv\frac{3\pi GM^{2}}{2E}\cdot x$
















[TKG94, TGK94, $\mathrm{T}\mathrm{G}\mathrm{K}97\mathrm{a},$ $\mathrm{T}\mathrm{G}\mathrm{K}97\mathrm{b}$ ]
4.2
Figure 1: ( ): $v_{i}(\mathrm{O})=0,$ $xi(\mathrm{o})=$ $[0,1)$ –
$(x_{i}, v_{i})$ $N=2^{15}$
) $t=9.375$ . ( ) : 2
$\xi(r)$ . $\xi(r)\propto r^{-\alpha}$
2




















2 $\xi(r)$ $-$ ] $\mathrm{s}$
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